ABSTRACT. The present study characterizes the oogenesis and the ovarian maturation scale, and determines the reproductive period, type of spawning, recruitment period, and population variations in the reproductive process of the flatfish Achirus lineatus (Linnaeus, 1758). Specimens were sampled on a monthly basis in the shallow near shore area of the Paranaguá Bay, state of Paraná, Brazil, from March 2006 to February 2007. The specimens collected were measured for morphometric data (total length and total weight) and their gonads were exposed for macroscopic evaluation. The gonads were subsequently removed, weighed and processed for microscopic analyses. Six phases of the ovarian follicle development were defined, as well as five ovarian development stages. Growth patterns differed between the sexes: negative allometry for females and positive allometry for males. Based on the seasonal assessments of the distribution of individual GSI values, the distribution of stages of gonadal development, individual body size, sex ratio, the ratio of juveniles to adults, and histological examination of the ovaries, reproduction was found to occur in the spring (spawning in batches), and recruitment in the autumn. These results show that A. lineatus is an estuarine-resident species that uses the study area for reproduction and recruitment, providing an argument in favor of the need to conserve the estuarine environment in order to preserve stocks. KEY WORDS. Oogenesis; maturity scale; reproductive period; type of spawning; sex ratio.
The study of the reproductive process of fish species is extremely important for two reasons. First, reproduction is a key aspect in the perpetuation of a species; second, such studies provide data on how fish use a given system or area, which is useful to fisheries and aquaculture management agencies (DIAS et al. 1998) .
The fishes popularly known as "flatfishes" encompass many commercially important species, which are heavily exploited by the fishing industry and aquaculture (PARDO et al. 2005) .
Flatfish are considered by BERENDZEN & DIMMICK (2002) to be monophyletic and very specialized; the group exhibits quite unique morphologic features (MENDONÇA & ARAUJO 2002) . They belong in the widely distributed order Pleuronectiformes, which includes 570 species, 123 genera and 11 families (NELSON 1994) . Flatfish occur from arctic and subantarctic regions (BAILEY et al.2008 ) to tropical and subtropical environments (GUEDES & ARAUJO 2008) . Approximately three-quarters of all known flatfish species inhabit tropical and subtropical regions (PARDO et al.2005) .
In Brazil, flatfish are widely distributed along the coast. They can be found in larger numbers in estuarine and marine environments, though they also occur in lacustrine regions (FIGUEIREDO & MENEZES 2000) . Given the quality of their meat, flatfish are economically very important (MENDONÇA & ARAUJO 2002) and have considerable market potential.
Although studies on the reproductive biology (CHAVES & VENDEL 1997 , DIAS et al. 2005 , feeding ecology (LUNARDON-BRANCO & BRANCO 2003 , GUEDES et al. 2004 , GUEDES & ARAUJO 2008 and population composition (MENDONÇA & ARAUJO 2002) have been conducted on some species of Brazilian coastal flatfish, little is known about the autoecological parameters of most species occurring in the country.
The occurrence, abundance (BARLETTA et al. 2005 , QUEIROZ et al. 2006 , AZEVEDO et al. 2007 , trophic partitioning of resources (GUEDES & ARAUJO 2008) , phylogenetics (PARDO et al. 2005) and cytogenetics (AZEVEDO et al. 2007 ) of the flatfish Achirus lineatus (Linnaeus, 1758) , subject of the present study, have been previously investigated. This medium-sized species (maximum length of 23 cm) is distributed from Florida to northern Argentina, being found in sandy bottoms, especially in marine and estuarine environments, where individuals live buried or camouflaged by their body colour (FIGUEIREDO & MENEZES 2000) .
Even though A. lineatus occurs frequently in the estuaries of the state of Paraná, the species is not considered abundant (QUEIROZ et al. 2006 , SCHWARZ et al. 2006 . Information on ZOOLOGIA 27 (4): 523-532, August, 2010 the biology (diet, reproduction and population dynamics) of A. lineatus is absent from the literature and is badly warranted, since it is key to understanding the life cycle and area use by this species.
The present study (1) characterizes the phases of ovarian follicle development and the stages of ovarian maturation; (2) determines the growth pattern, reproductive period, type of spawning and recruitment period; (3) evaluates the seasonal fluctuations in body size of individuals, sex ratio and ratio of juveniles to adults for both females and males of A. lineatus in the Paranaguá Bay, state of Paraná, Brazil.
MATERIAL AND METHODS
The Paranaguá Bay is part of the estuarine complex of Paranaguá (northern coast of Paraná). It is the largest bay in this estuarine system. The bay is approximately 45 km long, with a maximum width of 7 km and a mean depth of 5.4 m (maximum 23 m). Some 30 islands are scattered about in the area, the most important being: Ilha das Cobras; Ilha dos Valadares; Ilha das Peças; Ilha do Mel; Ilha da Cotinga; and Ilha Rasa da Cotinga (IPARDES 2001) . The last one was chosen as the location of the sampling sites.
Ilha Rasa da Cotinga is located at coordinates 25º30'05"S, 48º28'12"W and 25º32'44"S, 48º24'02"W in the euhaline sector of the Paranaguá Bay (LANA et al. 2001) . The northern portion of the island faces the Galheta canal, the main access to the Paranaguá and Antonina harbours. Located very close to the second largest active harbour in Brazil, the Paranaguá harbour, our study area (and the remaining estuarine region) is strongly influenced by anthropogenic activities (urban and farming) (Fig. 1) .
According to the Köppen classification, the climate in the region is mesothermal humid subtropical with warm summers and no well-defined dry season (Cfa). The mean air temperature in the warmest month is above 22ºC, and below 18ºC in the coldest month (MAACK 1981) . The mean humidity of the region is 85%, with mean annual rainfall of 2,500 mm (LANA et al. 2001) .
Collections took place monthly from March 2006 to February 2007, at two sampling sites located in the northern part of Ilha Rasa da Cotinga (Fig. 1) .
Specimens of A. lineatus were sampled in the shallow nearshore area (depth ranging from 3-12 m) with 15-minute otter trawl surveys at each sampling site. The trawl net had the following dimensions: 8 m mouth, 7 m cod end, 1.5 cm mesh between adjacent knots and otter boards weighing approximately 8 kg.
In the laboratory, specimens were identified (FIGUEIREDO & MENEZES 2000) and the following morphometric data were recorded: length (Lt) (cm) and total weight (Wt) (g).
Following ventral transection, the gonads of the individuals were exposed and examined macroscopically for sex and gonadal development determinations, according to the ovarian maturity scale proposed by VAZZOLER (1996) and the testicular maturity scale proposed by GOMES & ARAUJO (2004) . The gonads were then removed and weighed. Some were fixed in ALFAC (ethanol, formalin and acetic acid) for 20 hours. They underwent routine processing for the preparation of histological slides, which were stained with hematoxylin-eosin for microscopic analysis. They were then analyzed under the light microscope in order to confirm the macroscopic determination of the stages of gonadal development. Voucher specimens were deposited in the fish collection at the Museu de História Natural do Capão da Imbuia (MHNCI) (Achirus lineatus: MHNCI 12329). In the present study, only the microscopic descriptions of oogenesis and the female maturity scale were used to characterise the stages of gonadal development. According to WEST (1990) , it is easier to characterise these through the female gonads. The latter also yield more accurate estimates of timing and type of spawning, in addition to exhibiting greater temporal changes in weight when compared to males.
The phases of oogenesis were determined by comparing the size of the ovarian follicles, the affinity for hematoxylineosin, the appearance of follicular cells and the vitelline membrane, and the presence of cytoplasmic vesicles and vitellus granules. The maturity scale is based on the composition and frequency of the ovarian follicle phases.
Due to the small number of specimens obtained monthly, we grouped our samples into seasons for analysis, and thus provide more consistent results for A. lineatus, a species whose biology is still unknown to researchers.
The weight-length relationship, used to corroborate male and female reproductive aspects, was estimated according to the assumptions of the potential model: Wt = a.Lt b , where "a" is the linear coefficient, and "b" is the angular coefficient. The linear and angular coefficients were determined through the minimumsquare method. The weight-length relationship equations, estimated for the sexes (grouped and in separate,) were compared using two methods: 1) the confidence interval method for visual comparison of the slope of the straight lines; 2) Student's ttest (ZAR 1999). In addition, both methods were used to compare the value of the slope of the straight line for each sex with the value of the hypothetical model of isometric growth (3.0).
The Gonadosomatic Index (GSI), expressed by the formula: GSI = (Wg/Wt)x100, in which Wg = gonad weight and Wt = total weight of the individual, was applied to each individual (females and males separately). Thus, it was possible to assess the period with the highest frequency of individuals having the highest GSI values. This period was assumed to correspond to the reproductive period.
The percentage frequency distribution of the stages of gonadal development was determined for females and males separately. This analysis employed the histologically confirmed stages, which were defined as the five stages of gonadal development: immature (IMT); maturing (MTG); mature (MAT); partially spawned (females) (PSP); spawned and/or recovered (females)/spent (males) (SPT).
The size of individuals was assessed through the variations in the means for total length (Lt) and total weight (Wt) of individuals (grouped sexes). The seasons of the year were taken as the treatments, and the individuals the replicates; thus, a parametric analysis of variance (ANOVA) was applied, followed by Tukey's post hoc test, in order to identify which means differed throughout the year. In order for the ANOVA to be applied, the assumptions of normality and homogeneity of the variances were verified through the Shapiro-Wilk test and the Levene test, respectively (QUINN & KEOUGH 2002) .
Sex ratio was estimated through the seasons of the year, and possible differences as to the expected ratio of 1:1 were assessed through the 2 (Chi-square) test, with a degree of freedom of 1 and significance of 0.05 ( 2 > 3.84), according to VAZZOLER (1996) .
The analysis of the ratio of juveniles to adults was conducted with pooled data for males and females. Individuals exhibiting gonads in the immature (IMT) stage were considered juveniles, and those presenting gonads in any other development stage (maturing (MTG), mature (MAT), partially spawned (PSP) and spent/empty (SPT)) were considered as adults. The 2 test estimated possible differences in the distribution of juveniles and adults throughout the seasons of the year.
The seasons of the year were defined as autumn (April to June), winter (July to September), spring (October to December) and summer (January to March).
RESULTS
Through histological analysis, six phases of ovarian follicle development were established. Their main characteristics are summarised in table I.
According to the composition and frequency of the phases of the ovarian follicle, five stages of ovarian development were established (Tab. II). Phase VI (Fig. 6 ) Hyalinised
Empty and atretic follicles were not considered development phases of the ovarian follicles, but rather structures derived from the process of oogenesis.
A total of 179 specimens of A. lineatus were collected during the study period (121 females, 48 males and 10 very small specimens classified as immatures and of undefined sex). The unsexed specimens were excluded from the following analyses: weight-length relationship, seasonal distribution of individual GSI values and sex ratio.
Histological analyses made it possible to observe all stages of ovarian development. Partially spawned ovaries were found; as a result, spawning was characterised as batch spawning (Fig.  7) . Hyalinised follicles (in mature ovaries) and residual bodies (in postspawning ovaries) were also observed in the histological sections (Figs 6-8, respectively) .
The confidence interval and Student's t-test, used to compare the slopes of the straight lines produced by the weightlength relationship, showed similar results. Significant differences were found between the slope of the straight line for females and for males (t 169 = 4.21, p < 0.05). Females exhibited negative allometric growth (b = 2.91), while males had positive allometric growth (b = 3.15), both confirmed when compared with the hypothetical model of isometric growth (t 121 = -3.76, p < 0.05; t 48 = 4.63, p < 0.05, respectively). The weightlength relationship graph also demonstrated that females achieve larger sizes than males (Fig. 9) . The analysis of the results demonstrates that there are gender differences in the size of individuals.
Analysis of the distribution of individual GSI values showed that the greatest gonadal development occurred in the spring (Figs 10 and 11) for both sexes.
For females, the analysis of the seasonal percentage frequency distribution of the gonadal development stages, confirmed by histological examination, showed the predominance of mature specimens in the spring, partially spawned and spawned in summer, spawned in autumn, and an increase in the number of immature specimens in the winter. For males, an increase was found in the number of maturing individuals in the spring. Other findings were the preponderance of spent individuals in the summer and a predominance of juvenile specimens in the autumn and winter. Spent males and partially spawned and spawned females were collected throughout the study period (Figs 12 and 13) .
A seasonal assessment of the size of A. lineatus individu- Partially spawned (PSP) Empty follicles along with phases III, IV and V (Fig. 7) Spawned/Recovered (SPT) Empty follicles along with ovarian follicles in phases I and II (Fig. 8) als showed a temporal variation (Lt: F 3;179 = 7.25, p < 0.05; Wt: F 3;179 = 7.06, p < 0.05), with the largest individuals occurring during the summer, followed by a significant decline in mean specimen size during the autumn and especially during the winter. In the spring, an increase was observed in the size of individuals in relation to the previous season (Figs 14 and 15 ). Even though females predominated year-round, sex ratio assessments revealed that significant sex ratio differences occurred only in spring and summer, with approximately three females for each male (Tab. III). The results of the ratio of juveniles to adults showed that adult individuals predominated in the autumn, and (especially) in the spring and the summer. The last two seasons also accounted for the highest values of individual GSI, the highest occurrences of mature individuals, and partially spawned and spawned/spent and larger specimens. Catches of juveniles were more frequent in autumn, while numerical predominance occurred in winter (Fig. 16) .
DISCUSSION
The development of the ovarian follicles of A. lineatus followed the same basic growth patterns already described for other teleosts. According to JOBLING (1995) and BROOKS et al. (1997) , even though the growth patterns of teleost oocytes are similar, the reproductive strategies and tactics of the included groups vary to a great extent. Six stages of ovarian follicle development have been characterised for estuarine and/or ma-Figures 2-8. Histological sections of the ovaries of Achirus lineatus, HE staining: (2) immature ovary, scale 450 µm; (3) immature ovary, oogonia (arrow) and ovarian follicle in phase II (P II), scale 45 µm; (4) maturing ovary, ovarian follicle in phase II (P II), III (P III) and IV (P IV), vitelline membrane (star), scale 90 µm; (5) mature ovary, ovarian follicles in phase IV (P IV) and V (P V), scale 180 µm; (6) mature ovary, ovarian follicles in phase IV (P IV), V (P V) and VI (P VI), scale 180 µm; (7) partially spawned ovary, ovarian follicle in phase III (P III), IV (P IV), V (P V) and empty follicles (yellow arrow), scale 180 µm; (8) recovered ovary, ovarian follicles in phase II and residual bodies (red arrows), scale 180 µm. 2 rine fishes, contrasting with the five stages found for freshwater species (VAZZOLER 1996) . This discrepancy is due to pre-ovulation hydration, observed only in marine and estuarine fishes, which present coalescence of the vitellus granules and a substantial increase in the volume of the ovarian follicle. According to CHAVES (1989), pre-ovulation hydration was is a result of adaptive convergence. The detection of mature ovaries with hyalinised follicles is a powerful indicator that the study area serves as a spawning site for A. lineatus, since oocyte hyalinisation occurs just prior to their release into the environment (PATIÑO & SULLIVAN 2002) . Thus, based on the information above, and also on the fact that individuals of A. lineatus were captured in all stages of gonadal development and throughout the study period, this flatfish species can be classified as estuarine-resident. According to BLABER (2002), an estuarine-resident species goes through its entire life cycle in estuaries. 
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Spring was the period of highest reproductive activity, confirmed through the distribution of GSI individual values and the seasonal distribution of the stages of gonadal development (both sexes). However, the verification of partially spawned and spent females throughout the cycle, especially in the summer months, demonstrates that A. lineatus exhibits synchronous ovarian development in many batches. This kind of ovarian development was reported by WOOTON (1998) as common in environments where environmental factors fluctuate intensely, as is the case with estuarine ecosystems (KUPSCHUS & TREMAIN 2001 , MIRANDA et al. 2002 .
We considered batch spawning, defined from the partially spawned ovaries, to be a reproductive tactic to achieve greater reproductive success in the study area. According to VAZZOLER (1996) , the degree of variability and the quality of abiotic conditions, food availability and predation are among the various factors modulating reproductive tactics. Based on the analysis of the ratio of juveniles to adults, the recruitment period of A. lineatus occurs mainly during autumn, corroborating the findings of DANDO (1984) and LAZZARI et al. (2003) , who reported an increase in captures of juvenile estuarine fish during summer and/or autumn.
The fact that A. lineatus females achieve larger sizes than males and exhibit a distinct weight-length relationship is in agreement with NIKOLSKY (1963) . According to the author, the most frequent forms of sexual dimorphism in fishes are differences in size and weight-length relationships. Among females, a larger body size is favored because it results in an increase in fecundity; by contrast, in males, size driven by sexual selection (SHINE 1990) .
Besides the seasonal fluctuations found in individual GSI values, the distribution of percent frequency of gonadal development stages, the ratio of juveniles to adults, and other population parameters such as the size of individuals and the sex ratio in the period of greater reproductive activity also fluctuated. These fluctuations are likely a response to the reproduction and recruitment processes in the population of A. lineatus under study. According to JOBLING (1995) , the rise in temperature and the gradual increase in day length that starts in spring, associated with the greater availability of food in the summer months (LOWE-MCCONNELL 1999) , are the factors that usually determine the reproductive period and the recruitment of fish species in temperate and subtropical climates. LANGE & GREVE (1997) , studying different flatfish species, reported that temperature influences gonadal maturation, spawning period and the distribution pattern of these species.
According to DANDO (1984) , the peak of reproductive activity of most estuarine species during the spring is related to a greater likelihood of offspring surviving in the seasons that follow, when there are more resources available. This assumption is corroborated by the studies of CHAVES , CHAVES & VENDEL (1997 , ROCHA et al. (2002) , SCHULTZ et al. (2002) , FÁVARO et al. (2003 FÁVARO et al. ( , 2005 FÁVARO et al. ( , 2007 , who reported that the spring is the period of greatest reproductive activity for the estuarine-resident species in the shores of Paraná (subtropical region). However, different results have been reported for estuarine species in the Brazilian tropical region (BARBIERI et al. 1991 , GOMES et al. 1999 and PESSANHA & ARAUJO 2001 . According to LOWE-MCCONNELL (1999) , the reproductive period occurs at different times along the Brazilian coast, probably as a result of differences in the prevailing environmental conditions, both abiotic (temperature and photoperiod) and biotic (availability of adequate food for the early development stages).
In addition to the abiotic and biotic variables that modulate the distribution, activity and behaviour of fishes in estuaries, the intense anthropogenic activity developed in those environments should be regarded as having a major impact on the reproductive success of species, hence the preservation of fish stocks. Therefore, it is crucial to make available information on the reproductive biology of estuarine species. This is of paramount importance for the understanding of the dynamics of each population and for decision-making in species management. Such knowledge is equally important when it comes to the creation of laws regulating the exploitation of habitats and fisheries.
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